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INTRODUCTION

Gasification and combustion of the large reserves of American lignites is an area
of intense research. This research, coupled with economic incentives, has led to
the current project to build and operate the first large-scale coal gasifier using lig-
nites from North Dakota. However, much work is necessary in order to be able to
understand and predict the behavior of these coals. In this paper, the role of ion-
exchangeable alkali and alkaline-earth metals in the gasification/pyrolysis of lignites
is addressed. These cations, which are peculiar to low-rank coals, are known to
have a significant influence on the utilization behavior of lignites. Exchangeable
metal cations have been found to affect coal pyrolysis (1,2) and coal-char gasifica-
tion (3}. The goal of this paper is to illucidate the way in which exchangeable
cations affect coal gasification in terms of their role in coal pyrolysis, char gasifica-
tion and the interaction between the two.

EXPERIMENTAL

Pyrolysis was carried out in a dilute-phase entrained-flow reactor. The system
is a modified version (4) of that utilized by Scaroni et al. (4#). The system allows
pyrolysis to be studied under high heating and cooling rates (104 - 105 K/s). Under
these conditions, examination of pyrolysis over residence times from 0.03 to 0.30
s and at temperatures up to 1300 K is possible. Pyrolysis occurs in a dilute stream
in order to reduce the role of secondary reactions resulting from contact between
the pyrolysis products. Because of experimental conditions, weight loss was deter-
mined by using ash as a tracer. This technique has been used previously by a num-
ber of workers (4,5,6). Weight loss data are reported on a Dry Inorganic Content
Free (DICF) basis in order to account for the presence/absence of metal cations.

In this work, four pyrolysis atmospheres were utilized; they are nitrogen, air,
carbon dioxide and wet-nitrogen. It should be noted that the volumetric flow rates
and gas velocities were the same for all four cases. The wet-nitrogen referred to
is saturated nitrogen produced by bubbling dry nitrogen through water at room temp-
erature (2.7% water by volume).

A Montana lignite (Fort Union Seam) was utilized in this study. Details of the
organic and inorganic analyses of this coal can be found elsewhere (2). In this study,
two types of samples were utilized: raw lignite and acid-washed lignite. In the acid-
washing procedure, 50 g of raw lignite, with a mean particle size of 46 ym, were
mixed with 900 ml of 0.1 N HCL for 16-24 hours, filtered, and washed repeatediy.

It was then refluxed in 10600 ml of boiling distilled water for 1 hour to remove excess

HCL (7).
RESULTS AND DiISCUSSION

Air and Nitrogen -~ The pyrolysis of lignites in air and nitrogen will be discussed
first. Combustion in air is treated separately because the highly exothermic oxidation
reactions make it difficult to control and predict particle temperature. Thus, the
results gained have to be discussed in terms of this experimental difficulty.
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The results for pyrolysis of the raw and acid-washed lignites in air and nitrogen
at 1173 K can be seen in Figure 1. For the sake of clarity, the discussion of these
results will be broken into two parts: the effect of the presence of air and the effect
of metal cations in air.

In Figure 1, it can be seen that the weight loss behavior is dramatically differ-
ent in air when compared to nitrogen. While maximum weight loss in nitrogen are
50% for the acid-washed coal and 30% for the raw coal, both coals lose about 90% in
air. It should also be noted that major differences between the behavior in nitrogen
and air occur at very early residence times. During this initial period, it is assumed
that the pyrolysis process dominates the weight loss behavior. Because these in-
creases in weight loss in air occur so rapidly, there are, at least, three proposed
mechanisms suggested: oxidation of primary volatiles to reduce secondary char-
forming reactions, oxidation of unstable nascent sites in the pyrolyzing char (8),
and/or increases in the rate and yield of pyrolysis due to increases in particle temp-
eratures from oxidation reactions. ’

It can be seen that the presence of metal cations, in air, results in a decrease
in the rate of weight loss when compared to the behavior of the acid washed lignite.
Figure 1 shows that after approxiamtely 0.05 s the acid-washed lignite has lost
80 wt? whereas the raw lignite has only lost about 30 wt3. It appears that the reascn
for the observed influence of metal cations is a decrease in the rate of volatile evolu-
tion and, thus, oxidation. This view is substantiated by the observation that metal
cations have been shown to affect the amount, rate of refease and chemical nature
of the volatile material (1,2). From Figure 1, it can also be seen that after about
0.15 s the two curves obtained from the runs in air become almost coincident.

Wet-Nitrogen and Carbon Dioxide -- Potentially reactive atmospheres of carbon
dioxide and wet-nitrogen were also examined. Analysis of lignite behavior in these
atmospheres is somewhat simpler than in air because of the lack of exothermic reac-
tions; especially in any carbon gasification reactions (9).

The results of pyrolyzing the lignite in these two atmospheres can be seen in
Figures 2 and 3. In Figure 2, the resuits for pyrolysis of the raw coal in nitrogen,
carbon dioxide and wet-nitrogen are presented. it can be seen that initially weight
loss in nitrogen and carbon dioxide are similar but they are greater than in wet-
nitrogen. This indicates, probably, a slower heating rate of the particies when wet-
nitrogen is the secondary gas. Secondly, it is observed that, at some stage, signifi-
cant weight loss ceases for all three gases. This leveling off occurs at about 39 wt$
in carbon dioxide.

Results for pyrolysis of the acid-washed samples in the three atmospheres are
presented in Figure 3. In the case of this sample, similar effects of atmosphere on
initial weight loss are observed. That is, initially the weight loss in nitrogen and
carbon dioxide are similar and, yet, greater than that observed in wet-nitrogen.
However, the most important observation is that there is little, if any, effect of at-
mosphere on final weight loss in the reactor. After about 0.20 s this acid-washed
lignite loses almost 50 wt% in all three gases.

If one compares Figures 2 and 3, an additional interesting result can be found.
In all cases, the presence of metal cations in the lignite causes a decrease in total
weight loss in the reactor. Although there is a significant increase in weight loss
when the raw coal is pyrolyzed in the reactive gases, the largest weight loss for the
raw coal is about 40% while the acid-washed sample loses almost 50%. This is in con-
trast to the weight loss behavior in air where the raw and acid-washed samples have
similar weight loss values after about 0.15 s.




As stated previously, during pyrolysis in wet-nitrogen or carbon dioxide, it
is possible to eliminate large differences in particle time-temperature history as a
source of differences in gasification behavior. Therefore, the two major causes of
the observed behavior in these atmospheres are related to reactions of the atmospheres
with the pyrolyzing solid surface and/or reactions with the volatile materials released.
Of these two explanations, it appears that the second is more likely to be dominant.
This suggestion arises from two observations. Firstly, the increases in weight loss
occur most dramatically during the initial 0.15 s when the release of volatile species
should dominate the coal's behavior. Secondly, these gases appear to have little
influence on the uitimate pyrolysis behavior of the acid-washed lignite. It has been
shown that the presence/absence of metal cations in lignites profoundly affects the
evolution of volatile species at short residence times. Thus, removal of the metal
cations enhances volatile yield to such a degree that the presence of the various gases
has little or no effect on the observed behavior.
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